Abstract
Objective-To measure the prognostic value of clinical, anthropometric, and biological indicators of protein energy malnutrition in hospitalised children.
Design-Hospital based follow up study from admission to discharge or death of a cohort of children.
Setting-Paediatric hospital in Zaire. Subjects-1129 children consecutively admitted between August 1986 and October 1988.
Main outcome measures-Height, weight, arm circumference, skinfold thicknesses, serum albumin concentration, and mortality.
Results-Mortality was higher in wasted children and in those with a mid-upper arm circumference < 125 mm, a serum albumin concentration < 16 g/l, and oedema. After multivariate analysis, serum albumin concentration was the best predictor of subsequent risk ofdying. Mid-upper arm circumference and oedema, however, still contributed considerably to evaluation ofmortality.
Conclusions-In this specific environment of central Africa an isolated clinical sign such as oedema is not enough to detect children with a high risk of dying among those admitted to paediatric wards with severe protein energy malnutrition. Measurement of additional indicators such as arm circumference and serum albumin concentration seems to be ofcrucial importance.
Introduction
In developing countries protein energy malnutrition is common among children admitted to hospital and is associated with a high morbidity and mortality."4 A nutritional assessment is mandatory to treat and follow these severely ill patients. Different anthropometric and biological variables have been proposed, biometry being the most commonly used tool. Major signs looked for are oedema and muscle wastage, isolated or in combination.
Most common classifications of protein energy malnutrition are usually based on weight loss compared with international reference data and the presence of oedema, which enables differentiation of kwashiorkor from marasmus.5 Different authors have found a close association between some anthropometric measurements and the risk of dying during the hospital stay. '7 In the oedematous form ofprotein energy malnutrition, however, there is no simple association between mortality and the severity of weight loss, whereas the albumin concentration at admission is strongly associated with mortality.8
In central Africa all forms of protein energy malnutrition are often encountered, particularly in hospitals. Our [16] [17] [18] [19] [20] [21] [22] g/l, [23] [24] [25] [26] [27] [28] [29] g/l, and > 30 g/l).
As we aimed to establish early detection of accurate predictors of mortality all data collected at baseline were considered, notwithstanding the presence or absence of oedema or a possible degree of dehydration. Continuous variables were categorised to obtain estimates of their effects on mortality that are easy to interpret; for arm circumference and serum albumin concentration usual cut offpoints were used.
Statistical analysis was performed by using the SPSS 4 0 release for Unix and the biomedical programs data package.2 13 Survival at 60 days was the end point considered; cumulative mortality (proportion of deaths at 60 days) was obtained in each category of indicators. To measure the strength of the association between these indicators and subsequent risk of dying we computed relative risks and their 95% confidence intervals. The X2 test was used in the analysis of contingency tables. Finally, logistic regression was applied by using a backward elimination procedure. Because data were missing in 174 subjects on admission, the sample on which logistic regression could be applied was reduced from 1129 to 955 subjects. Age, categorised into four groups (< 12 months, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] children with arm circumference < 1 15 mm relative to children with arm circumference -125 mm was lower when the serum albumin concentration was < 16 g/l than when it was ¢s 23 g/l and that the relative risk associated with arm circumference was lower in the presence of oedema. In the logistic model, however, none of the interactions between the analysed indicators was significant. A prognostic index was derived from the logistic model (table III) ; high values of this index were associated with lower values of arm circumference, serum albumin concentration, and age and with the presence of oedema.
The figure shows the important decrease in the survival rates when the values of the prognostic index are high. The difference between survival rates for the subjects with low values of the prognostic index versus those with the highest values reached 25% at one week from admission and 40% at two weeks.
Discussion
In Africa mortality in patients admitted to hospital in a state of severe protein energy malnutrition with or without oedema ranges from 9% to 30% admitted with an albumin concentration < 16 g/l as opposed to those admitted with an albumin concentration -30 g/l. Furthermore, as albumin concentration is independent of the variation in oedema its determination is already relevant on admission.26 This variable, however, is not specific for protein deficiency as many other factors such as energy deficiency, zinc deficiency, infections, and liver disease are just as likely to be the cause of an observed low concentration of transport proteins as is protein deficiency. 27 In healthy children serum albumin concentration does not vary much with age between 3 months and 5 years; in our data we observed on average higher serum albumin concentrations in very young children (< 1 year) and lower concentrations in children between 2 and 5 years of age. This pattem can be explained by the characteristics of kwashiorkor itself, for which the peak incidence occurs at about 2 
